1. Introduction {#sec1}
===============

Rice (*Oriza sativa*) is cultivated in every continent of the world except Antarctica. The annual global production of paddy rice exceeds 700 million metric tons and is the most produced cereal grain after corn and wheat ([@bib36]). After de-hulling paddy rice, subsequent mechanical processing removes the brown layer and endosperm to yield white rice and rice bran (RB) as a co-product ([@bib44]). Rice bran constitutes 10% of the paddy rice and thus on a global basis 70 million metric tons of RB is produced annually ([@bib50]). Rice bran is a valuable feed ingredient rich in amino acids, starch, fat, vitamins and some trace minerals ([@bib41], [@bib50]). In rice growing regions, RB can be a cost-effective feed ingredient for poultry ([@bib41], [@bib42]). However, RB is prone to rancidity, has a high phytate content, contains trypsin inhibitor, and is high in fiber ([@bib18], [@bib41], [@bib42]). These characteristics have limited the use of RB in poultry feeding programs. A maximum of 10% to 20% has been recommended for inclusion in broiler diets, depending on the geographical origin of the rice production ([@bib33]). [@bib18] reported that inclusion of 20% RB in broiler diets resulted in reduced growth performance. Just 10% RB reduced feed efficiency and tibia ash content ([@bib18]). Other studies have recommended that RB not to be include in diets of broiler chickens of less than 21 d of age ([@bib33]).

Some of the challenges of using RB in practical monogastric feeding programs have been addressed through technological advancement. For example, the concentration of oil in rice bran is between 14% and 24% depending on rice variety and processing ([@bib39], [@bib21]). Endogenous lipases are activated during milling leading to rapid hydrolysis and rancidification of the oil ([@bib44]). However, technologies such as extrusion, addition of stabilizers and defatting have been successful in eliminating rancidity problem in RB ([@bib44], [@bib39]). Rice bran has a high concentration of P relative to other plant-based feed ingredients. Values of between 1.6% and 2.2% phosphorus (P) have been reported ([@bib50]). Approximately, 70% to 90% of the P is in phytate form and unavailable to non-ruminants because they lack significant endogenous and microbial phytase activity in the foregut ([@bib45], [@bib22]). However, the advent and global feed industry acceptance of microbial phytase technology has significantly increased phytate P utilization in plant feedstuffs including RB in swine and poultry ([@bib43], [@bib26], [@bib2]).

Rice bran also contains a higher or comparable concentration of non-soluble polysaccharides (NSP) relative to typical cereal grain co-products, especially arabinoxylans and arabinose. Defatting inevitably increases concentration of NSP and protein, significantly reducing metabolizable energy value ([@bib3], [@bib42]). Improving the nutritive value of RB with application of exogenous fiber degrading enzymes (FDE) has been reported but with variable responses. For example, [@bib17] did not observe benefits of supplementing xylanase and β-glucanase in broilers fed RB. However ([@bib53]), reported an enzyme blend (xylanase, β-glucanase and pectinase) improved performance of chicks fed irradiated Malaysian RB, but not when fed Chinese RB. Substrates in feedstuffs exists in complex relationship with various components such as protein, fat, fiber, and other carbohydrates ([@bib27]). It has been suggested that preparations with multiple enzyme activities may provide a competitive strategy to improve nutrient utilization in wide range of feed ingredients ([@bib46]). Furthermore, phytase is a common additive in majority of monogastric diets, however, too much emphasis had been placed on interpretation of FDE responses without phytase in the background ([@bib25]). For example, if FDE and phytase are included in the same diet, the FDE hydrolyze the NSP providing greater access for the phytase to reduce the interaction of phytate with amino acids and minerals as well as reducing binding of elemental P ([@bib56]). Previous studies have demonstrated synergic effects of phytase and FDE on nutrient utilization in pigs ([@bib23], [@bib28]) and broilers ([@bib54], [@bib32], [@bib25]), but others indicated beneficial effects originated mainly from phytase alone ([@bib38]). We hypothesized that a multi-enzyme supplement (MES) will improve growth performance linked to nutrient digestibility and gastrointestinal ecology in broilers fed RB in a corn soybean meal diet with phytase background. Therefore, the objective was to examine growth performance, gastrointestinal weight, ceca short chain fatty acids content and apparent retention (AR) of components responses of adding up to 11% RB in corn-soybean meal diet containing phytase fed to broilers without or with a MES supplement.

2. Materials and methods {#sec2}
========================

Experimental procedures and animal use were reviewed and approved (AUP\# 3521) by the University of Guelph Animal Ethics Committee. Broiler chickens were cared for in accordance with the Canadian Code of Practice for the Care and Use of Animals for Scientific Purposes ([@bib11]).

2.1. Rice bran sample, enzyme and experimental diets {#sec2.1}
----------------------------------------------------

The RB sample was procured from a feed merchant in Philippines and its chemical composition is shown in [Table 1](#tbl1){ref-type="table"}. Two basal corn-soybean meal diets were prepared without or with RB ([Table 2](#tbl2){ref-type="table"}). The supplier guaranteed analyses were: \< 5% crude fat and \< 10% crude fiber. Based on these parameters the energy and nutrient profiles for RB were derived from INRA-CIRAD-AFZ Feed Tables ([@bib20]) to facilitate feed formulation. Diets were prepared for a two-feeding program (starter, d 0 to 24, 5% RB) and finisher (d 25 to 35, 11% RB) and met or exceeded specifications for Ross 708 ([@bib6]). The basal diets contained phytase (Bio-phytase 5000) at 500 FTU/kg of final feed equivalent to 0.10% non-phytate P and TiO~2~ as the digestibility marker. Each basal diet was split in two portions; one portion was the control and the other portion was top-dressed with MES effectively creating a 2 × 2 factorial arrangement of treatments. The MES supplied xylanase, β-glucanase, invertase, protease, cellulase, amylase, mannanase with targeted activity level of 2,500, 300, 700, 10,000, 1,200, 24,000, 20 U/kg of feed, respectively. The enzymes along with the enzyme assay procedures were supplied by the Canadian Bio-Systems (Calgary, AL, Canada). Diets were fed in mash form.Table 1Chemical composition of rice bran (as-fed basis, %).Table 1ItemAmountDry matter91.5Crude protein13.0Crude fat13.0CarbohydratesSimple sugars[1](#tbl1fn1){ref-type="table-fn"}0.16Sucrose2.69Oligosaccharides[2](#tbl1fn2){ref-type="table-fn"}0.06Starch36.6Fiber fractions Acid detergent fiber5.12 Neutral detergent fiber13.5 Total dietary fiber15.5 Non-starch polysaccharides8.85 Rhamnosend[3](#tbl1fn3){ref-type="table-fn"} Arabinose1.79 Xylose2.03 Mannose0.19 Galactose0.48 Glucose3.52 Uronic Acids0.86 Lignin and polyphenols5.24 Glycoprotein[4](#tbl1fn4){ref-type="table-fn"}1.25Ash7.68Total phosphorus1.67 Phytate phosphorus1.24 Non-phytate phosphorus0.43[^1][^2][^3][^4]Table 2Composition of basal diet (as-fed basis, %).[1](#tbl2fn1){ref-type="table-fn"}Table 2ItemStarter, d 0 to 24Finisher, d 24 to 35Control+ Rice branControl+ Rice branIngredients Corn60.6957.967.3161.16 Soy bean meal (46%)27.3426.5017.5715.70 Rice bran (defatted)--5.00--11.0 Pork meal (58%)3.003.006.006.00 Soy oil4.332.975.622.63 Limestone0.680.710.190.26 Mono calcium phosphate1.431.380.700.59 Vitamin-trace minerals premix[2](#tbl2fn2){ref-type="table-fn"}1.001.001.001.00 L-lysine HCl0.370.370.460.47 DL-methionine0.360.360.350.36 L-threonine0.180.180.220.23 L-tryptophan------0.01 Salt0.220.230.190.20 Sodium bicarbonate0.140.140.130.13 Bio-Phytase 5000[3](#tbl2fn3){ref-type="table-fn"}0.010.010.010.01 TiO~2~0.250.250.250.25Calculated provisions AME, kcal/kg3,1003,1003,2003,200 Crude protein20.020.018.018.0 Crude fat5.566.755.888.51 SID Lys1.151.151.061.06 SID Met0.620.630.590.6 SID Met + Cys0.870.870.810.81 SID Try0.210.210.170.17 SID Thr0.770.770.710.71 Ca0.960.960.930.93 Available P0.480.480.460.47 Na0.160.160.160.16 Cl0.230.230.230.23Analyzed provisions Dry matter89.389.789.389.5 Gross energy, kcal/kg3,9854,1094,0664,264 Crude protein20.4619.9618.5618.03 Crude fat5.247.066.229.73 Neutral detergent fiber8.619.029.079.55[^5][^6][^7][^8]

2.2. Birds, housing and experimental procedures {#sec2.2}
-----------------------------------------------

Three hundred and sixty d-old male broiler chicks (Ross × Ross 708) were allocated to 24 identical metabolic cages (15 chicks per pen) based on body weight (BW). Each cage was equipped with a feeder trough and two nipples drinkers. The room temperature was set at 32 °C on d 0 and gradually brought down to 29 °C by d 13 then gradually reduced to 24 °C by d 21. The lighting program was 23 h of light (20  lx) from d 0 to 3 followed by 20 h of light (10 to 15 lx) from d 4 onward. The 4 diets were assigned to cages to give to 6 replicates per diet. The birds had free access to diets and water for 35 d. Body weight and feed intake were measured at the end of the phase. From d 20 to 23 post-hatching, excreta samples were collected per cage for AR of components. On d 24, 8 chicks per cage were randomly euthanized by cervical dislocation. The empty gizzard and small intestine weight was recorded and ceca digesta taken for short chain fatty acids (SCFA) analyses. The remaining chicks were switched to respective finisher diets until d 35. Excreta samples were taken on d 31 to 34, and at the end of the experiment all birds were sacrificed for similar sampling and measurements as described for starter phase. Excreta and digesta samples were immediately frozen at −20 °C until required for analyses.

2.3. Sample processing and chemical analysis {#sec2.3}
--------------------------------------------

The excreta samples were thawed, pooled by cage and subsequently oven-dried at 60 °C for 72 h. Samples of the RB, diets and dried excreta samples were finely ground. All samples were analyzed for dry matter (DM), gross energy (GE), neutral detergent fiber (NDF), acid detergent fiber (ADF), nitrogen, crude fat, and titanium. Dry matter determination was carried out according to standard procedures (([@bib4]), method 930.15). Gross energy was determined in a bomb calorimeter (IKA -- WERKE bomb calorimeter \[C7000, GMBH & CO., Staufen, Germany\]) using benzoic acid as a calibration standard. The NDF and ADF contents were determined according to ([@bib52]) using Ankom 200 Fiber Analyzer (Ankom Technology, Fairport, NY). Nitrogen was determined with a CNS-2000 carbon, N, and sulfur analyzer (Leco Corporation, St. Joseph, MI) according to the combustion method 968.06 ([@bib4]). The crude protein (CP) values were calculated by multiplying analyzed nitrogen values by 6.25. Crude fat content was determined using ANKOM XT 20 Extractor (Ankom Technology, Fairport, NY). Titanium content was measured on a UV spectrophotometer following the method of [@bib37].

Rice bran samples were further analyzed for minerals (P and phytate P) and carbohydrates (simple sugars, sucrose, oligosaccharides, starch, fiber fractions including lignin and glycoprotein). Standard [@bib4] procedures were used for total P (965.17) determination. Phytate P was assayed using the procedure described by [@bib19]. Non-phytate P was calculated by subtracting phytate P from the total P contents. Simple sugars (fructose and glucose), sucrose, and oligosaccharides raffinose and stachyose were determined by gas-liquid chromatography according to the procedure described by [@bib47]. Starch was analyzed using the Megazyme Total Starch Kit (Megazyme International Ireland Ltd., Co. Wicklow, Ireland). Non-starch polysaccharides were determined by gas-liquid chromatography (component neutral sugars) and by colorimetry (uronic acids) using the procedure described by [@bib15], [@bib16] with modifications ([@bib49]). Due to the high solubility of NSP in the NDF solution and therefore losses of NSP on NDF analysis, total dietary fiber was determined by a combination of NDF and neutral detergent-soluble NSP measurements, and was calculated as the sum of NDF and NDF-soluble NSP ([@bib48], [@bib49]). Neutral detergent fiber-soluble NSP were calculated as total sample NSP minus NSP present in the NDF residue. Neutral detergent insoluble crude protein (NDICP, glycoprotein) represented the amount of crude protein present in the NDF residue. The value for lignin with associated polyphenols was calculated by difference between the total fiber and NDICP + NSP contents.

The concentration of short chain fatty acids (citric, lactic, formic, acetic, propionic and butyric) were assayed in thawed ceca digesta ([@bib31]). Briefly, approximately 0.1 g of the digesta sample was resuspended with 1 mL of 0.0025 mol/L H~2~SO~4~ (1:10, wt/vol) in a microcentrifuge tube, tightly closed and vortexed vigorously until sample completely dissolved. The tubes were then centrifuged at 11,000 × *g* for 15 min and 400 μL of supernatant transferred to HPLC vial and topped with 400 μL of 0.0025 mol/L H~2~SO~4~ buffer. The resulting digesta fluid was then assayed for SCFA using HPLC (Hewlett Packard 1100, made in Germany) with Rezex ROA-Organic Acid LC column, 300 mm × 7.8 mm from Phenomenex and Refractive Index detector at 400 °C (Agilent 1260 Infinity RID from Agilent Technologies, made in Germany) ([@bib13]).

Xylanase activity in diets was assayed using Xylazyme AX tablets (Megazyme International Ltd., Bray, Ireland). One unit of xylanase was defined as the quantity of the enzyme that liberated 1 μmoL of xylose equivalent per min.

2.4. Calculations and statistical analysis {#sec2.4}
------------------------------------------

The apparent retention of components was calculated as described by [@bib30]. Data was analyzed using general linear model procedures of SAS (SAS Inst. Inc., Cary, NC). The model included the main effects of RB, MES and associated two-way interactions. Treatment differences were considered significant at *P* \< 0.05 and trends (0.05 \< *P* \< 0.10) were discussed.

3. Results {#sec3}
==========

Xylanase activity was determined to confirm accuracy of inclusion of MES and feed mixing. The analyzed xylanase activities in the starter diets were 376, 2,450, 218 and 2,686 U/kg of feed for the control, control + MES, RB and RB + MES, respectively. The corresponding xylanase activities for finisher phase were 134, 2,457, 88 and 1,997 U/kg of feed, respectively. The concentration of CP, crude fat, starch and total dietary fiber in RB were 14.2%, 14.0%, 40.0% and 16.8% DM, respectively ([Table 1](#tbl1){ref-type="table"}). The most dominant mono sugars in the NSP fraction was glucose and xylose. The concentration of lignin and polyphenols was 5.7% DM.

There was no interaction (*P* \> 0.10) between RB and MES on BWG, feed intake (FI) and FCR in the entire experiment ([Table 3](#tbl3){ref-type="table"}). Feed intake was not affected (*P* \> 0.10) by dietary treatments except in the starter phase where birds fed MES tended to eat more feed (*P* = 0.07) than non-MES birds. In the starter phase, the main effects of MES were such that, MES-fed birds had improved BWG (*P* \< 0.01) and a tendency for improved FCR (*P* = 0.06) compared with non-MES birds. Birds fed RB tended to have higher BWG than birds not fed RB in the starter phase (884 versus 860 g, *P* = 0.07). Feeding RB reduced BWG in the finisher phase resulting in lower d 35 BW (1,804 versus 1,855 g, *P* = 0.02) relative to birds not fed RB. In the finisher phase, birds fed MES had better BWG (961 versus 858 g) and FCR (1.69 versus 1.86) than birds fed non-MES diets.Table 3Effects of adding rice bran in a corn-soybean meal diet fed without or with multi-enzyme supplement (MES) on growth performance in broiler chickens.Table 3Rice branMES[1](#tbl3fn1){ref-type="table-fn"}Starter, d 0 to 24[2](#tbl3fn2){ref-type="table-fn"}Finisher, d 25 to 35[3](#tbl3fn3){ref-type="table-fn"}IBWFBW, gBWG, gFI, gFCR[4](#tbl3fn4){ref-type="table-fn"}IBWFBW, gBWG, gFI, gFCR[4](#tbl3fn4){ref-type="table-fn"}----40.68277871,2191.5509231,8038831,6351.861--+40.08938531,2561.4738551,9079871,6311.642+--40.48498081,2191.5109981,7538331,5511.862++40.49208791,2691.4429021,8549351,6331.747SEM0.4912.812.823.10.0226.1117.6517.6435.100.043Main effect of rice bran--40.38608201,2381.511889^b^1,855^a^935^a^1,6331.752+40.48848441,2441.476950^a^1,804^b^884^b^1,5921.804SEM0.359.059.0216.350.0218.4613.2813.5424.290.030Main effect of MES--40.5838^b^797^b^1,2191.530960^b^1,778^b^858^b^1,5931.861^a^+40.2907^a^866^a^1,2631.457879^a^1,881^a^961^a^1,6321.694^b^SEM0.359.059.0216.350.0218.4613.9013.9025.420.031*P*-valueRice bran0.7790.0730.0740.7890.2570.0300.0190.0190.2710.256MES0.551\<0.01\<0.010.0730.0590.005\<0.01\<0.010.3320.003Rice bran × MES0.5510.8490.8670.7910.8180.6010.9350.9350.2000.201[^9][^10][^11][^12][^13][^14]

Although neither interaction between RB and MES or MES affected (*P* \> 0.10) gizzard weight, RB increased (*P* ≤ 0.01) gizzard weight on d 24 and 35 ([Table 4](#tbl4){ref-type="table"}). The small intestine weight was not (*P* \> 0.10) affected by diets. There was no (*P* \> 0.10) interaction between RB and MES on ceca digesta concentration of SCFA in the starter phase ([Table 5](#tbl5){ref-type="table"}). In the starter phase, the ceca digesta of birds fed RB had higher (*P* = 0.025) concentration of propionic acid and tended (*P* = 0.07) to have a higher concentration of total SCFA (summation of lactic, acetic, propionic, iso butyric and n-butyric acids) compared with birds not fed RB. Birds fed MES tended (*P* = 0.06) to have a lower concentration of iso-butryic acid relative to birds not fed MES. In the finisher phase, an interaction (*P* ≤ 0.01) between RB and MES on concentration of propionic and iso-butyric acids in ceca digesta showed that MES reduced these acids in non-RB diet. Ceca digesta of RB fed birds exhibited lower (*P* = 0.001) concentration of iso-butryic acid relative to birds not fed RB ([Table 5](#tbl5){ref-type="table"}).Table 4Effects of adding rice bran in a corn-soybean meal diet and fed without or with multi-enzyme supplement (MES) to broiler chickens on gizzard and small intestine weight (g/kg BW).Table 4Rice branMES[1](#tbl4fn1){ref-type="table-fn"}Day 24Day 35GizzardSmall intestineGizzardSmall intestine----17.430.112.8725.01--+18.430.012.9323.94+--19.430.014.6025.40++19.831.214.8526.80SEM0.6250.9370.3510.947Main effects of rice bran--17.9^b^30.112.9^b^24.5+19.6^a^30.614.7^a^26.1SEM0.4420.6620.2480.670Main effects of MES--18.3730.0513.7425.21+19.0930.6113.8925.37SEM0.4420.6620.2480.670*P*-valueRice bran0.0150.560\<0.0010.102MES0.2640.5600.6620.866Rice bran × MES0.6000.5200.7910.205[^15][^16]Table 5Effects of adding rice bran in a corn-soybean meal diet and fed without or with multi-enzyme supplement (MES) to broiler chickens on ceca fermentation activity (μmol/L).Table 5Rice branMES[1](#tbl5fn1){ref-type="table-fn"}Day 24Day 35LacticAceticPropionicIso-butyricn-butyricTSCFA[2](#tbl5fn2){ref-type="table-fn"}LacticAceticPropionicIso-butyricn-butyricTSCFA[2](#tbl5fn2){ref-type="table-fn"}----25.873.54.516.4219.8130.013.075.39.59^a^8.61^a^12.1118.6--+28.566.24.135.2418.1122.220.178.64.42^b^4.40^b^14.7122.1+--33.979.95.706.5119.4145.421.071.96.44^ab^2.51^b^11.6113.5++30.876.65.615.6218.7137.429.073.48.12^a^2.65^b^13.3126.5SEM4.954.860.550.531.827.835.844.241.150.881.559.31Main effect of rice bran--27.269.94.32^b^5.8319.0126.116.576.97.006.51^a^13.4120.4+32.378.25.66^a^6.0619.1141.425.072.77.282.59^b^12.5120.0SEM3.503.430.390.371.295.534.133.000.820.621.096.58Main effect of MES--29.876.75.116.4719.6137.717.073.68.025.57^a^11.9116.0+29.671.44.875.4318.4129.824.576.06.273.53^b^14.0124.3SEM3.503.430.390.371.295.534.133.000.820.621.096.58*P-*valueRice bran0.3100.1000.0250.6610.9470.0660.1620.3230.8130.0010.5440.964MES0.9690.2940.6700.0640.5190.3240.2110.5840.1440.0310.1810.386Rice bran × MES0.5640.6850.7960.8000.7850.9890.9450.8390.0080.0230.8110.615[^17][^18][^19][^20]

On d 24, there was no interaction (*P* \> 0.10) between RB and MES on AR of components ([Table 6](#tbl6){ref-type="table"}). Added MES increased (*P* ≤ 0.031) AR of CP, NDF and GE. A tendency for interaction between RB and MES (*P* = 0.090) was observed for AR of GE on d 24 ([Table 6](#tbl6){ref-type="table"}). In this context, supplemental MES tended to improve AR of GE in RB diets. In the finisher phase (d 35), there was an interaction (*P* \< 0.01) between RB and MES on AR of NDF such that MES reduced AR of NDF in corn diets. Birds fed RB diets retained (*P* \< 0.01) more crude fat and NDF than birds not fed RB. Added MES increased AR of CP (*P* \< 0.01), crude fat (*P* = 0.03) and GE (*P* = 0.02) compared with control non-MES diets.Table 6Effects of adding rice bran in a corn-soybean meal diet and fed without or with multi-enzyme supplement (MES) on apparent retention of components in broiler chickens.Table 6Rice branMES[1](#tbl6fn1){ref-type="table-fn"}Day 24Day 35Dry matterCrude proteinCrude fatNeutral detergent fiberGross energyDry matterCrude proteinCrude fatNeutral detergent fiberGross energy----73.068.582.510.474.374.864.785.620.1^b^75.8--+73.465.686.421.375.775.668.988.812.1^c^76.3+--71.366.481.710.772.474.365.389.922.1^ab^75.6++73.165.985.024.375.775.867.692.526.8^a^78.0SEM0.902.151.531.970.530.611.011.291.820.56Main effect of rice bran--73.267.184.415.875.075.266.887.2^b^16.1^b^76.1+72.266.183.317.574.075.066.591.2^a^24.5^a^76.8SEM0.641.521.081.390.3750.430.720.911.290.40Main effect of MES--72.167.582.1^b^10.6^b^73.3^b^74.565.0^b^87.7^b^21.175.7^b^+73.365.885.7^a^22.8^a^75.7^a^75.768.3^a^90.7^a^19.577.2^a^SEM0.641.521.081.390.3750.430.720.911.290.40*P-*valueRice bran0.2780.6720.4730.4070.0860.8040.730\<0.01\<0.010.194MES0.2270.4400.031\<0.01\<0.010.073\<0.010.0340.3690.017Rice bran × MES0.4440.5910.8360.5000.0900.5710.3640.791\<0.010.106[^21][^22]

4. Discussion {#sec4}
=============

Diet composition is one of the major factors that can influence nutrient utilization and gastrointestinal physiology, mainly through the contents of anti-nutritional factors and the nature of the substrate available ([@bib25], [@bib29]). The focus of the current study was on the fiber fraction in RB and therefore the pre-trial chemical analyses focused on characterization of fiber for selection of enzyme activities. Rice bran energy and nutrients specification for diet formulation were from book values to formulate isocaloric and isonitrogenous diets. However, chemical analyses of the feed samples ([Table 2](#tbl2){ref-type="table"}) indicated that the RB diets had higher gross energy likely linked to higher fat content in RB than supplier guaranted. Poultry diet with high fat is expected to reduce feed intake and improve FCR ([@bib49]). However, perhaps the slightly higher fat in RB diets had not effects in the current study since birds fed RB diets had similar feed intake and FCR to birds fed non-RB diets. Addition of 5% RB tended to improve BWG in the starter phase, however, a reverse effect was observed when 11% RB was added in the finisher phase. It has been speculated that poultry requires a moderate amount of diet structure for proper gut development and functionality ([@bib34]). Diet structure is critical in stimulating gizzard development, influencing digesta passage rate and improving gut motility by enhancing endocrine cholecystokinin release which stimulates the secretion of pancreatic enzymes and gastroduodenal refluxes ([@bib34], [@bib55]). It is no coincidence that we observed increased gizzard weight in birds fed RB, specifically birds fed RB had 9% and 14% higher gizzard weight compared with non-RB birds in the starter and finisher the phases, respectively. Similarly, [@bib53] observed increased size of gastrointestinal tract in poultry fed RB. Extended gizzard retention time increases interaction of feed particles with gastric juices and thus improves digestion and feed efficiency ([@bib55]). This may partly explain the increased retention crude fat and NDF seen in broilers fed 11% RB in the present study. However, the increased gizzard size in birds fed RB did not result in increased BWG, FCR or GE retention suggesting the presence of fiber was detrimental to the overall nutrients utilization. This could be partly linked to increased visceral maintenance energy consumption. Gut metabolism has been estimated to account for 20% to 36% of energy use in chickens ([@bib10]).

Based on origin of paddy rice production, a maximum of 10% to 20% has been recommended for inclusion in broiler diets. Other studies have recommended that RB not to be include in diets of broilers less than 21 d of age ([@bib33]). Soluble fiber fractions are often linked to the negative effects of NSP in poultry nutrition, however, the present data suggests that concentration of insoluble NSP could also be relevant as demonstrated by poor growth observed due to higher RB in the finisher phase. Gut transit time and motility are some of the mechanisms that have been postulated to be influenced by insoluble fiber with consequences of hindering endogenous enzymes access to their respective substrates and thus impairment of nutrient utilization and growth performance ([@bib9]). It is also plausible other factors other than NSP may have contributed to observed poor growth in RB fed birds in finisher phase.

The efficacy of exogenous feed enzymes in poultry nutrition is well documented and quite often linked with decreasing intestinal viscosity through degradation of soluble NSP ([@bib9]; [@bib57]; [@bib46]). The multi-enzyme supplement (MES) used in the present study contained fiber degrading enzymes, protease and α-amylase. Addition of MES improved growth performance and nutrient retention independent of RB. Similarly, [@bib14] showed that feed enzyme mixture containing α-amylase, β-glucanase, protease, lipase and cellulase improved growth, FCR, protein and energy efficiency of RB-containing-diets fed to broilers. Contrasting observations have also been made in broilers fed RB with supplemental enzymes. For example, broilers fed diets containing either 20% or 40% RB supplemented with an enzyme mixture containing xylanase, α-amylase, β-glucanase and proteases, and without or with 170 U/g phytase had no beneficial effects on growth performance ([@bib1], [@bib17]). Differences associated with the nature of the enzyme used individually or in combination, the inclusion rates of the enzymes, the extent of reduction in nutrient density in the control diet, as well as the microbial sources of enzymes could influence the responses seen in animals ([@bib40], [@bib27]). Moreover, the source of RB and processing conditions may influence supplemental enzyme responses. For example, [@bib53] reported an enzyme mixture (xylanase, β-glucanase and pectinase) improved performance of chicks fed irradiated Malaysian rice bran, but not when fed Chinese rice bran.

The ceca anaerobic fermentation mainly produces volatile fatty acids in a largely conservative molar proportion of acetic acid \> butyric acid \> propionic acid ([@bib51]). The concentration of SCFA in the hindgut is indicative of microbial diversity and activity as influenced by available substrates ([@bib24]). The feed composition in particular fiber has significant impact on gut microbial ecology ([@bib5]). Rice bran tended to increase SCFA in the starter phase mainly due to increase in propionic acid. However, RB had modest effect on ceca digesta concentration of SCFA in the finisher phase and surprisingly reduced concentration of iso-butyric despite increased retention of NDF. The SCFA are highly volatile, and it may be that concentration in the digesta at one-point sampling may not be a quantitative indication of amount produced ([@bib24]). Nonetheless, as birds do not possess enzymes to hydrolyze NDF, the increased retention of NDF in RB fed birds in finisher phase was most likely a result of microbial degradation. Increased NDF retention in finisher phase might suggest that longer exposure resulted in microbial adaptation in fiber degradation as has been demonstrated elsewhere ([@bib7], [@bib29]).

It has been suggested that enzymes release fermentable oligosaccharides in the process of NSP depolymerization which are fermented to SCFA ([@bib24]). However, in the present study, MES reduced concentration of propionic and iso-butyric in non-RB diets in the finisher phase. Furthermore, this correlated with reduced retention of NDF in response to MES in non-RB diets. Carbon and energy from luminal compounds (dietary, endogenous, or both) that are either resistant to attack by digestive fluids or absorbed so slowly by the host promote bacteria growth ([@bib24]). Thus, a feed additive that improves nutrients digestibility will impact bacteria ecology and consequently efficiency of nutrients utilization by the host ([@bib8], [@bib24]). It has been demonstrated that exogenous feed enzymes can influence composition and metabolic potential of gut microflora in poultry ([@bib12], [@bib25], [@bib35]). This may be achieved by improving the absorption of nutrients in the proximal gut, which results in a reduction in the quantity of nutrients in the terminal ileum and ceca that are available as substrates for bacteria fermentation ([@bib8], [@bib24]). Reduced iso-butyric acid in birds fed non-RB diets with MES indicated reduced nitrogen metabolism in the ceca perhaps as a result of increased amino acids absorption in the small intestine. Indeed, whereas we did not observe an interaction between RB and MES on AR of CP, numerically MES improved AR of CP in non-RB diet by 6.5% and that of RB diet by 3.5%. The magnitude of MES effects on AR of GE was higher in the starter (+3.3%) than finisher phase (+2.2%) perhaps indicating the response of the enzyme reduces with age ([@bib9]). Feeding MES improved NDF retention in the starter phase and not the finisher phase. Considering the relation between substrate and enzyme, it is rather difficult to explain the aforementioned observation, but it could be indicative of microbial adaptation as bird ages ([@bib7], [@bib29]).

5. Conclusion {#sec5}
=============

Independently, RB reduced final BW whereas MES improved growth and energy utilization. Increased gizzard weight in birds fed RB was not accompanied by increased nutrient digestibility suggesting the negative effect of fiber was more significant. Reduction of iso-butyric acid due to MES in non-RB diet suggested reduced formation of protein fermentation metabolites in the ceca.
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[^1]: Includes glucose and fructose.

[^2]: Includes raffinose and stachyose.

[^3]: Not detected.

[^4]: Neutral detergent insoluble crude protein.

[^5]: SID = standardized ileal digestible.

[^6]: Multi-enzyme supplement (MES, Canadian Bio-Systems, Calgary, AL, Canada) was top dressed to supply xylanase, β-glucanase, invertase, protease, cellulase, amylase, mannanase with targeted activity levels 2,500, 300, 700, 10,000, 1,200, 24,000, 20 U/kg of feed, respectively.

[^7]: Vitamin mineral premix provided per kilogram of diet: vitamin A, 880,000 IU; vitamin D~3~, 330,000 IU; vitamin E, 4,000 IU; vitamin B~12~, 1,200 mcg; biotin, 22,000 mg; menadione, 330 mg; thiamine, 400 mg; riboflavin, 800 mg; pantothenic acid, 1,500 mg; pyridoxine, 300 mg; niacin, 5,000 mg; folic acid, 100 mg; choline, 60,000 mg; iron, 6,000 mg; copper, 1,000 mg.

[^8]: Bio-Phytase 5000 (Canadian Bio-Systems) supplied 500 FTU/kg of feed.

[^9]: IBW = initial body weight; FBW = final body weight; BWG = body weight gain; FI = feed intake; FCR = feed conversion ratio.

[^10]: ^a,\ b^ Within a factor of analyses, means in a column with different superscripts are significantly different at *P* \< 0.05.

[^11]: Multi-enzyme supplement supplied xylanase, β-glucanase, invertase, protease, cellulase, amylase, and mannanase with targeted activity level 2,500, 300, 700, 10,000, 1,200, 24,000, 20 U/kg of feed, respectively.

[^12]: Birds per cage = 15.

[^13]: Birds per cage = 7; 8 birds per cage were sacrificed on d 24 for digesta and gastrointestinal weight.

[^14]: Corrected for mortality.

[^15]: ^a,\ b^ Within a factor of analyses, means in a column with different superscripts are significantly different at *P* \< 0.05.

[^16]: Multi-enzyme supplement supplied xylanase, β-glucanase, invertase, protease, cellulase, amylase, and mannanase with targeted activity level 2,500, 300, 700, 10,000, 1,200, 24,000, 20 U/kg of feed, respectively.

[^17]: TSCFA = total short chain fatty acids.

[^18]: ^a,\ b^ Within a factor of analyses, means in a column with different superscripts are significantly different at *P* \< 0.05.

[^19]: Multi-enzyme supplement supplied xylanase, β-glucanase, invertase, protease, cellulase, amylase, and mannanase with targeted activity level 2,500, 300, 700, 10,000, 1,200, 24,000, 20 U/kg of feed, respectively.

[^20]: TSCFA is the summation of lactic acid, acetic, propionic, iso-butyric and butyric acid.

[^21]: ^a,\ b^ Within a factor of analyses, means in a column with different superscripts are significantly different at *P* \< 0.05.

[^22]: Multi-enzyme supplement supplied xylanase, β-glucanase, invertase, protease, cellulase, amylase, and mannanase with targeted activity level 2,500, 300, 700, 10,000, 1,200, 24,000, 20 U/kg of feed, respectively.
